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Regular measurements of [OI] 630 nm nightglow have been carried out at Kolhapur (16.8◦N, 74.2◦E, dip lat
10.6◦N) in India with the help of tilting filter photometers during clear moonless nights. Several characteristic
nightglow data sets are presented in the report for geomagnetically quiet and disturbed nights. A comparison has
been made between the simultaneous nightglow and the ionospheric parameters of virtual F-layer height and critical
frequency of the F-layer at Ahmedabad (23.02◦N, 72.6◦E). In general, a good correlation (c.c. = 0.8 to 0.9) is found
between the measured airglow emission and F-region peak electron densities during quiet periods but for intense
magnetic disturbances the airglow fluctuations are mainly controlled by sharp changes in height variations of the
h
′
F layer. The period of airglow variation generally corresponds to periods of F-region height variation during
magnetic disturbances. Using a long series of data between December 1989 and April 1996, the mean seasonal
nocturnal variations of 630 nm emission have been compared during high and low solar activity periods.
1. Introduction
A network of three tilting photometers developed by La
Trobe University, Australia, has been installed at Kolhapur
(16.8◦N, 74.2◦E; dip lat 10.6◦N) in India to study the night-
time behaviour of the [OI] 630 nm emission line (Mukherjee
and Dyson, 1992). Airglow from ionospheric structures ob-
served by the photometer system acts as a tracer enabling the
motions of these structures as well as intensity variations to
be measured.
It is well known that [OI] 630 nm emission in the nighttime
originates mostly from the bottomside of the F-region in
low and middle latitudes by the dissociative recombination
process given by O+2 + e → O+O∗ (1S, 1D); O∗ (1D) → O+
hν (630 nm). The rate of this reaction is nearly proportional
to the rate of recombination in the F2 layer (Vanzandt and
Peterson, 1968). The data sets presented and discussed here
span from the period 1989 to 1996 which is of importance as
it includes the transition from high to low solar activity.
In this paper we also report and discuss the several char-
acteristic nightglow observations of 630 nm emission made
at the low latitude station, Kolhapur, in India, on disturbed
nights in comparison with their variations on quiet nights.
2. Tilting Photometers
The observations were made using a set of three tilting
photometers. The tilting filter photometers have a one de-
gree field of view (overall) giving a cross section of about 5
km in the F-region height (250 km) when looking at zenith.
The interference filter (Barr Associates, U.S.A) when kept
at a temperature of 23◦C has a passband centered at about
630 nm for normally incident light. The band widths of the
filters are about 1 nm with 60% transparency. The airglow
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intensity is determined from the difference of the background
with signal and background only. The photometers are quite
portable and can easily be mounted to point along any desired
combination of zenith and azimuth angles. Hence horizontal
motions in the thermosphere can be measured by pointing
the photometers in three different directions. Typically one
photometer is pointed to the zenith, second one to the north
or south and third photometer is directed to the east or west.
3. Nighttime Behaviour of 630 nm Emission dur-
ing Magnetic Disturbance
In this section we discuss the characteristic variations of
630 nm intensity observed during geomagnetically disturbed
nights. For comparison with observations on magnetically
disturbed nights, we present in Figs. 1(a) and (b) the observed
[OI] 630 nm intensities on 25–26 and 27–28 January, 1995,
which are magnetically quiet nights. To show the magnetic
activity during the period of observations we indicate the ac-
tivity index Ap also in Fig. 1. The Ap index is the diurnal
average of three hour Ap indices which are the transforma-
tions of three hourly Kp index to a linear scale. Typical quiet
time (Ap = 5 and 4) variations are shown for two nights in
Figs. 1(a) and (b). We also plot in the same figure the hourly
values of the ionospheric parameters (virtual height of the
F layer, h´F (km) and square of the critical frequency of the
F2 layer ( fo F2) for the nearby station for the corresponding
period. They were obtained from an ionosonde operating on
a routine basis at Ahmedabad (23.02◦N, dip lat 13.8◦N) sited
in the equatorial anomaly region. The square of the parame-
ter ( fo F2) is proportional to the electron density at the peak
of the F2 layer (Moore and Weber, 1981). Note that there
is a rapid fall in 630 nm intensity from 2100 hours to about
middle of the night. This feature is common and seen also
in the ( fo F2)2 variations at Ahmedabad. Figure 2 also de-
picts the comparison of the airglow intensity fluctuation with
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Fig. 1. (a), (b) Plot of the nightglow variations in [OI] 630.0 nm as a
function of local time (IST) at Kolhapur for the two magnetically quiet
nights of 25–26 and 27–28 January, 1985. The ionospheric parameters
(virtual height of the F-layer (h
′
F (km)) and critical frequency of the
F2-layer ( fo F2)2) are also depicted.
Fig. 2. Same as Fig. 1 but for the magnetically disturbed night of 30–31
January, 1995.
simultaneous ionosonde observations from Ahmedabad on
a geomagnetically disturbed night on 30–31 January, 1995.
It can be noted that the correlation between airglow inten-
sity variation and ( fo F2)2 is poor. However, it shows good
negative correlation (c.c. = –0.89) with the variation of the
F-region height (h
′
F). The airglow data shows wavy distur-
bances which are also reflected in the height variations of the
h
′
F layer. The dominant period (3 hours) of airglow fluc-
tuation during the night also matches well with the periods
of the height variation. Sahai et al. (1990) reported that the
correlation coefficient between inverse of 630 nm intensity
and F-region height were large for the disturbed nights as
compared with quiet nights.
Figures 3 and 4 depict the 630 nm intensity variations ob-
served at Kolhapur during the magnetically disturbed nights
of 1–2 February and 2–3 February, 1992. The magnetic
activity index Ap is also depicted in the figures. Dst and
Kp indices are plotted in the lower panels. Two prominent
peaks are noticed in Fig. 3 on February 1–2 around 2300
and 0300 hrs IST with latter enhancement more in intensity
than the former. The ionospheric data (h
′
F and fo F2 values)
from a nearby station, Ahmedabad, were compared for the
corresponding nights. The hourly values of h
′
F and ( fo F2)2
parameters were used for the purpose and plotted in the same
figure to find any significant correlation between ionospheric
parameters and airglow intensity variations. It is noted that
the ( fo F2)2 variation shows a wavy disturbance during the
night and the enhancement of 630 nm intensity during 0100
to 0300 hrs is accompanied by lowering of F-region heights
at Ahmedabad. Figure 4 shows the sharper peak intensi-
ties in 630 nm intensity fluctuations with pronounced double
peaks. Both the electron densities ( fo F2)2 and the h
′
F height
variations show sharp fall and rise in their values during the
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Fig. 3. Same as Fig. 2 but for another disturbed night of 1–2 February,
1992.
night. The airglow intensity variation shown in Fig. 4 (top) on
February 2–3 brought out almost anticorrelation with ( fo F2)2
values and no correlation with the h
′
F . The h
′
F values were
low (220 km to 250 km) during the period of occurence of
airglow peaks. The sharp fall in 630 nm intensity during
post midnight hours after 0200 hrs is followed by rapid rise
in h
′
F height variation. This behaviour of the 630 nm emis-
sion on a disturbed night signifies the important role played
by F-region dynamics. Such occurence of double maxima in
630 nm during magnetic disturbance has also been noted by
Misawa and Takeuchi (1984) and Sahai et al. (1990) as shown
in Fig. 1. Misawa and Takeuchi (1984) reported that on the
nights of magnetic disturbance, large double maximum in
the intensity of oxygen red line (630 nm) appeared and such
intense double maxima have not appeared on magnetically
quiet nights.
The observed ionospheric height variations (both positive
and negative effect) at low latitudes during magnetic storms
are dependent on factors like changes in dynamics, heating
and composition of the ionosphere which take place depend-
ing upon latitude, longitude, local time and on the phase of
the geomagnetic storm (Rishbeth et al., 1985). The elec-
tron concentration at low latitudes may vary drastically dur-
ing magnetic storms. The perturbations of ±50% from the
quiet time densities are usually enhanced at low latitudes
during geomagnetic disturbances, while the height of the
Fig. 4. Same as Fig. 2 but for 2–3 February, 1992.
F-layer typically increases a few tens of kilometres. Dur-
ing severe magnetic storms, however, decreases in electron
density may occur at all latitudes. Rishbeth et al. (1985)
reported that in general, the equatorial anomaly is less devel-
oped during storm periods. However, there are cases when
the enhancements are strongly manifested in the crest region
and the critical frequency in the equatorial trough is reduced
compared to quiet days. Takahashi et al. (1987) have re-
ported ionization enhancements at low latitudes during dis-
turbed conditions. They showed that these enhancements
were having an equatorial anomaly like structure having a
minimum at the dip equator. Fesen et al. (1989) reported the
prominent enhancement of F-region critical frequency in the
ionization crest region during disturbed days. Sahai et al.
(1990) also compared the variations of F-region parameters
( fo F2 and h
′
F) with ground based observations of [OI] 777.4
nm, 630 nm and 557.7 nm from Cachoeira Paulista (22.7◦S,
45.0◦W), Brazil, a low latitude station and from Forteleza
(3.9◦S, 38.4◦W), Brazil, an equatorial station, during mag-
netic disturbances. They found the dynamic variations in the
F-region ionospheric variations are well correlated with the
non diurnal variations observed in the atomic oxygen airglow
emissions at both equatorial and low latitudes.
4. Seasonal Variation of 630 nm Nightglow Emis-
sions
We present and discuss the nocturnal seasonal variations
of the [OI] 630 nm emission observed at Kolhapur, a station
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Fig. 5. Seasonal variation of the monthly mean airglow (630 nm) intensity as a function of time (IST) on number of months observed at Kolhapur, the
mean solar activity is also indicated in the Figure for the respective months by the monthly mean F10.7 cm flux values.
situated near equatorial anomaly region. The airglow data
presented here are half hourly monthly mean values (>8
nights) from March 1991, 1992 to May 1995 which included
the descending phase of the solar activity. The variations
were calculated using half hourly values, normalised to the
individual nocturnal mean values in order to show the rela-
tive amplitude and phase of the variations. Figure 5 shows
the monthly mean relative nocturnal variations of 630 nm
intensities during respective months. And the value of mean
solar flux (F10.7 cm) during the months is also depicted re-
spectively in the figures.
It is well known that 630 nm airglow intensity variation at
a given place depends on solar activity (Sahai et al., 1988a,
b). In particular the [OI] 630 nm emission at low latitudes
results mainly due to dissociative recombination between
O2 molecules and electrons. The observed ratios of neutral
atmospheric parameters (O, N2, O2) and electron density for
high solar activity and low solar activity, at low latitudes are
higher, the observed F-region peak height changes also show
that heights are lower during high solar activity as compared
to low solar activity (Sahai et al., 1988a). Their observations
also show that airglow intensity (630 nm) is proportional to
solar F10.7 cm flux values.
In Fig. 5, we observe significant changes taking place
in 630 nm intensity maximum from month to month with
changes in solar activity. The intensity peaks appearing be-
fore midnight have been shifted to post midnight hours while
moving from one month to another. This is clearly mani-
fested in the months from December 1992 to April 1993. It
is also noted that in the months of February 1992 and 1993,
a small dip in intensity takes place around midnight and in-
tensities are large, but with decrease in solar activity, the
relative intensities are reduced in February 1994 and 1995.
The peaks in intensities have occurred during October to De-
cember, 1992, before midnight (2200–2300 hrs IST). The
intensity peaks are smaller in magnitude and less defined in
the months having low solar flux values from December,1993
onwards.
In Fig. 6(a) we plot in the upper panel the mean values of
the airglow intensity (630 nm) at night during the months of
December 1989, February and April 1990 — a period of high
solar activity (average F10.7 cm flux = 192.0) (Mukherjee
and Dyson, 1992). This epoch consisted of the most ac-
tive period of the solar cycle number 22. The mean F10.7
cm fluxes for the respective months were 213.0, 178.0 and
185.0 units. For comparison we also plot in Fig. 6(b) the
characteristic airglow variation at night during the months
of December 1995 and January–April 1996 — a period of
low solar activity (average F10.7 cm flux = 70.4). As can be
seen in the Figure, airglow peaks are sharp, well defined and
enhanced during the periods of high solar activity in com-
parison to similar variation during the periods of low solar
activity. The values of airglow intensity at a particular month
are larger at high solar activity than at low solar activity.
5. Conclusions
On the basis of above discussion and observational evi-
dence, the main features associated with the nightglow ob-
servations can be summarized as follows:
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Fig. 6. (a) Mean nighttime variation of relative airglow intensity (630 nm)
during December 1989, February and April 1990 observed at Kolhapur.
(b) Same as Fig. 6(a) but for several months between December 1995 to
April 1996.
i) On typical quiet (Ap < 5) night condition the [OI] 630
nm nightglow variations at Kolhapur show good correlations
with the variations of the electron density at the peak of the
F2 layer at Ahmedabad. However, with increase in magnetic
disturbance, low latitude ionosphere undergoes rapid height
variations. The height variations of the emitting F2 layer
produce the corresponding signature in observed nightglow
in 630 nm. Such occurence of double maxima in 630 nm in
association of intense magnetic disturbances is common at
the station. The ionospheric height variations could be due to
large-scale travelling ionospheric disturbances (TIDs) with
periods about 3 hours which occur at the auroral region dur-
ing intense magnetic storm. TIDs are wavelike variations of
densities of the F layer and take the form of acoustic-gravity
waves or compress waves where maxima are created by the
sudden abnormal lowering of h
′
F , which causes intensity
increase of the red line occuring suddenly around midnight
and shape of a pulse wave or a solitary wave. It should be
made clear here that the airglow intensity variation (or elec-
tron density variation) is not always drift with background
plasma motion, but could have a large phase velocity relative
to background wind. The former is the case of a plasma bub-
ble and the latter case is a TID. But so far very few studies
on F-region gravity waves have been done utilizing airglow
data (Sobral et al., 1997; Mendillo et al., 1997; Mende et
al., 1998). Misawa et al. (1984) reported simultaneous en-
hancements of the zenith [OI] 630.0 nm and [OI] 557.7 nm





substorms. TIDs are divided into medium scale and large
scale TIDs. The medium scale TIDs exist in periods be-
tween 10 to 60 minutes and they display poor correlation
with magnetic activity while the large scale TIDs with peri-
ods between 30 to 120 minutes show positive correlation with
magnetic activity (Misawa and Takeuchi, 1982). Misawa et
al. (1984) suggested that the large scale TIDs and intensities
of the red line (630 nm) emission are caused by the same
large scale atmospheric gravity waves triggered by severe
magnetospheric substorms. The double maximum seem to
be direct evidence of Testud’s theory which is generally in-
terpreted as a succession of two positive impulses (Misawa
et al., 1984).
ii) The seasonal variation of 630 nm intensity at the station
shows the characteristic features dependent on solar activity
(Sahai et al., 1988a, b). Although there was variability in
the 630 nm intensity during the night, no significant regu-
lar pattern could be noticed. The mean seasonal nocturnal
variations in [OI] 630 nm show the presence of pre and post
midnight enhancements. The post midnight enhancements
in 630 nm could be due to the passage of poleward winds
caused due to equatorial Midnight Temperature Maximum
(MTM) (Rao and Sastri, 1994). The enhancement of 630
nm emission after midnight has been explained due to the
equatorial temperature maximum often observed at the F-
region height which is accompanied by a density maximum
producing the equatorial midnight pressure bulge. The situ-
ation manifests itself due to a three dimensional circulation
system in which the midnight sector of the equatorial ther-
mosphere below 200 km is heated due to compressive flow
driven by the solar heating on the dayside side (Dickinson
et al., 1975; Roble et al., 1982). This type of circulation
produces a localized temperature maximum with a density
minimum below 200 km. There are vertical upward and
downward motions, the upward motion transports heat and
energy giving rise to MTM and pressure bulge. The equa-
torial midnight pressure bulge controls the nighttime neutral
wind.
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